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the southern part of the country: the province of North Brabant. This study analyses 
the average night-time land surface temperature (LST) of 21 North-Brabant urban 
areas through 22 satellite images retrieved by Modis 11A1 during the 2006 heat 
wave and uses Landsat 5 Thematic Mapper to map albedo and Normalised difference 
temperature index (NDVI) values. Albedo, NDVI and imperviousness are found to 
play the most relevant role in the increase of night-time LST. The surface cover cluster 
analysis of these three parameters reveals that the 12 “urban living environment” 
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§  6.1 Introduction







12°C for a city of 1 million inhabitants (United Stated Environmental Agency). These 
relative high temperatures are especially problematic during heat waves and can easily 
result in heat stress among vulnerable segments of the urban population, leading to 
widespread mortality. Several climate studies show that even though The Netherlands 
may seem relatively safe from heat events due to its moderate maritime climate and 
its polycentric urban structure, it is actually also affected by heat events like those that 
took place in France in 2003 or in Russia in 2010 (Hove et al., 2011; Van der Hoeven. 
and Wandl, 2014; Albers et al., 2015).
Many studies highlight the importance of developing and implementing urban planning 
measures to adapt our cities to climate change (Galderisi and Ferrara, 2012; Papa et al., 
2015; Deppisch and Dittmer ,2015; Balaban, and Balaban, 2015). The impact that heat 
islands can have on society has been studied in the last decade by several research groups 
(Stone., 2012). A link was found between the night-time urban heat island as observed 
by satellites and the excess mortality in Paris during the heat wave of 2003 (Dousset et 
al., 2011). Other investigations showed that the urban heat island did have a measurable 
effect on aggravating the impact of the same heat wave event in Paris (Vandentorren et al., 
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North Brabant is a province located in the South and Center of the Netherlands. It is 
one of the biggest and most populated Dutch provinces. Due to its polycentric urban 
structure the Netherlands still has a relative high population density. The population 
that inhabits the Dutch towns and cities is ageing and becomes more vulnerable 







§  6.1.2 North Brabant: particular mosaic urban structure
In the context of urban heat, the province of North Brabant is particularly interesting. 
The urban structure of NorthBrabant (2.5 million inhabitants, 500,000 ha) consists 
of a network of almost 300 small-size cities (urban cores in rural areas with surfaces 
below 900 ha) and some 60 midsize cities (urban concentration areas with surfaces 
below 8,000 ha) interleaved with rural and natural park areas. The overall percentage 
of urbanized land represents 15.4%. The future spatial vision of North Brabant region 
(Provincie Noord-Brabant, 2010) organizes the midsize cities in three clusters: the 
first one comprises the two most important agglomerations Tilburg (12,000 ha and 




Uden (6,700 ha) and Veghel (7,900 ha), two former villages that have strongly grown in 
the last decade and that have a marked suburban and industrial character. The urban 
structure is considered as a network up to the point that the five most important cities 
of the region - Tilburg, Breda, ´s-Hertogenbosch, Eindhoven and Helmond - receive the 
name of Brabantstad, which means in Dutch as much as: Brabant City.
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FIGURE 6.1 Growth areas adjacent to medium-size cities (Province North Brabant. Spatial vision, 2010)
 – Future expansion plans of the region
The future spatial vision of North-Brabant (Provincie Noord-Brabant, 2010) foresees to 
enhance the spatial structure of the urban network through two different development 
prospects for small cities and for medium-size cities. The intention is to have midsize 
cities host regional urban infrastructures, as opposed to the small cities, which will 
inevitably play a role at a more local scale. In order to materialise the reinforcement of 
the urban network, the region of North Brabant has identified growth areas (in Dutch 
“zoekgebieden voor verstedelijking”) connected both to small and midsize cities 
(Provincie Noord-Brabant, 2014). These are rural areas, which will be converted into 
urban plots, connected to existing cities (Figure 6.1). The Province plans to urbanise 
over 25,000 hectares of which roughly 17,000 ha are adjacent to midsize cities. 
Overall the future percentage of urbanised land will increase from 15.4% to 20.4%. 
The province of North Brabant is aware of the implications of increasing the urbanised 
areas, and has used the “ladder for sustainable urbanisation” developed by the Dutch 
Ministry of Infrastructure and Environment to compare the urban development needs 
with the options to restructure nearby derelict areas prior to delimiting the “growth 
areas”. However, the potential urban heat island aggravation produced by the growth of 
urban areas has not been taken into consideration.
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§  6.1.3 Research questions









guidelines to ensure that future developments do not aggravate the UHI 
phenomenon?
§  6.2 Methodology
§  6.2.1 Determining the role of different parameters in the 
formation of the UHI in the region of North Brabant
In the first section of the study the authors have mapped and calculated the average 
night-time land surface (LST) temperature (which has been calculated for 21 medium-
size cities in the region of North Brabant with MODIS 11A1 images retrieved during the 
heat wave of 2006 in The Netherlands), albedo (calculated with Landsat 5TM imagery 
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§  6.2.2 Night-time land surface temperature from July 2006 as a key UHI indicator
The spatial pattern of the daytime (LST) urban heat island differs often significantly 
from the spatial pattern of the night-time (air temperature) urban heat island. 





21 midsize cities (with surfaces ranging from 117 ha to 7,700 ha) using 22 satellite 
images retrieved by Modis 11A1 during July 2006 (Figure 6.2). July 2006 was the 
warmest month on record since systematic measurements started some 300 years ago 
in the Netherlands. The mean daily temperature in July 2006 was 22.3°C, almost 5°C 
higher than the average over the period of 1971-2000: 17.4°C according to the Royal 
Netherlands Meteorological Institute (KNMI, 2006). Temperatures reached on July 
19th 2006 a maximum of 35.7 °C (KNMI, 2013).
Statistics Netherlands published an article in its web magazine that states that 
1,000 inhabitants died in July 2006 above the average mortality in a July month. 











to the many buildings, trees and other obstacles. Temperature is the dominant factor 
here.
MOD11A1 as used. It is a satellite imagery product issued by the Moderate Resolution 
Imaging Spectro-radiometer (MODIS), which has a resolution of 1,000 m and a 
daily temporal frequency. The images have been downloaded from the United States 
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Geological Survey webpage. First, the average night-time surface temperature for each 
of the medium size cities was calculated for each of the satellite images and afterwards 
the average value of all the heat wave satellite images retrieved during the heat wave. 
These two operations were performed using ArcGis.
FIGURE 6.2 Average night-time LST urban areas of the province of North Brabant. LST values retrieved from 
Modis 11A1 imagery of the 23rd of July 2006. (Courtesy of the U.S. Geological Survey. USGS/NASA Modis)
§  6.2.3 UHI-related parameters analysed
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1995; Taha et al. 1992; Taha et al., 1988). Other studies have found a strong linear 
relationship between the land surface temperature (LST) and the imperviousness 
percentage and an inverse linear relationship between LST and the NDVI during the 
summer seasons (Nie & Xy, 2014, Yu & Lu, 2014; Heldens et al., 2013; Xu et al., 2012; 
Zhang et al., 2009; Weng & Lu, 2008; Xiao et al., 2007; Yuan & Bauer, 2007).
In this study the authors have used Landsat 5 TM satellite imagery from the 25th of July 
2006 to calculate albedo and NDVI. The raw satellite images were downloaded from 
the US Geological Survey (USGS) webpage, Earth Resources Observation and Science 
Center (EROS). For the albedo calculation, the authors have used software for satellite 
imagery atmospheric topographic correction called ATCOR 2/3 which allows not only 
to correct atmospherically the images but also to generate the corresponding albedo 
distribution image (Richter & Schlapfer, 2013) (Figure 6.3). For the NDVI calculation 
the authors have first corrected Landsat 5 TM spectral bands 3 (visible) and 4 (near-





average albedo and NDVI values for each of the 21 analysed cities has been done in 
ArcGis.
FIGURE 6.3 Average albedo in urban areas of the province of North Brabant. Landsat image 
(Courtesy of the U.S. Geological Survey. USGS/NASA Landsat) further processed with ENVI 
4.7 and Atcor 2.3.
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FIGURE 6.4 Average NDVI in urban areas of the province of North Brabant. Landsat image 
(Courtesy of the U.S. Geological Survey. USGS/NASA Landsat) further processed with ENVI 
4.7 and Atcor 2.3.
The mapping and calculation of the average imperviousness was done calculating for 
each of the 21 midsize cities, the surface occupied by buildings and roads.The authors 
have processed in ArcGis the TOP10NL file to obtain the percentage of imperviousness 
for each city.
§  6.2.3.2 Parameters related to city size
















with results from 1987 to 2008 reveal that there is a steeper relationship between the 
maximal UHI intensity and the population, and that the maximal UHI for Dutch cities 




analysis of the size of the cities the authors have chosen to analyse the city surface 
instead of the city population, since they have found a very high correlation (r2= 
0.99) between the number of inhabitants (2006, PBL Netherlands Environmental 
Assessment Agency) and the surface of the cities (Figure 6.5).
FIGURE 6.5 Analysis of surface and population of North Brabant medium-size cities.
 – Thermal urban classification of medium-size cities in the region of North Brabant
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investigations that have been completed based on site measurements and available 
urban morphology documentation. It is the case of several studies carried out before. 
Chandler (1965) used climate, physiography and built form to classify Greater London 


















for metropolitan Atlanta (Tang, 2007).
In the Netherlands there are two main “urban living environment” classification 






has considerably been reduced since the approval of the Spatial Strategy of 2004 - Nota 
Ruimte 2004 (VROM, 2004) - which conferred most of the spatial policy competences 








a housing survey carried out in 1998 (WBO, 1998) and further been used in other 
housing surveys of the region (Poulus & Heida, 2002). This classification establishes 
12 main categories: high-density city centre, city centre, pre-war neighbourhood, post-
war compact neighbourhood, post-war soil bound neighbourhood, urban green, small 
urban centre, small urban, small urban green, village centre, village, rural accessible.
FIGURE 6.6 Analysis of surface and population of North Brabant medium-size cities (ABF research, 2005)
In this study a 6-cluster surface cover thermal classification of the urban cores of 





with surface cover thermal criteria.
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§  6.3 Results 
§  6.3.1 The role of different parameters in the formation of 
the UHI in the region of North Brabant
The multiple regression analysis of the average values obtained for Albedo, NDVI, 
imperviousness, distance to the nearest urban area and town size, shows that there is 
a multiple correlation coefficient of R=0.7 and R2=0.5 that relates these parameters 





FIGURE 6.7 Data list of the analysed medium size cities of the region of North Brabant. Parameters  
analysed: night-time LST, albedo, NDVI, imperviousness, distance to nearest town and surface.
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It seems that the most relevant indicators in this case are albedo and NDVI (Figure 






from 23% to 37.4%. The future growth of most medium-size cities of the regions will 
not per se aggravate the UHI phenomenon, in turn it will be the design of the new 
neighbourhoods, which will impact or not the formation of urban heat in the province.
FIGURE 6.8 Analysis of the relationship between the different parameters and night-time average LST, for each 
of the analysed medium size cities in the region of North Brabant.
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§  6.3.2 Redefining the “urban living environment” classification 
based on thermal surface cover criteria
 – Unsupervised surface thermal clustering
Even though the average LST presents maximum variations of 3°C (section 6.3), an 
unsupervised cluster classification of the three most relevant surface cover parameters 
(albedo, NDVI and imperviousness) was completed, in order to understand the 
different surface behaviours within each town. 6 different clusters were obtained. 
Even though the average night-time LST of these clusters are pretty similar, each of 
these clusters has a singular albedo, NDVI and imperviousness combination (Figure 
6.9). The thermal surface cover assessment is more accurate when performed through 
the unsupervised classification of albedo, NDVI and imperviousness than through 
the calculation of the night-time LST, due to the tools used in this study for these 
calculations. Albedo and NDVI are calculated based on Landsat satellite imagery 
which has a resolution of 30 m and imperviousness is calculated based on a GIS 
model whereas night LST is calculated based on Modis 11A1 satellite imagery which 
has a 1km resolution. Modis 11A1 has a resolution appropriate for average city LST 
calculations, but not for surface cover discrimination.
The combined analysis of these three parameters allows classifying different surface 
typologies. The scatterplots analysis (Figure 6.10, figure 6.11 and figure 6.12) 





average albedo ranging from 0.11 to 0.30, NDVI varying from 0.18 to 0.55 and 
imperviousness coefficients going from 0.21% to 0.41%.
The spatial distribution of each of these clusters reveals that three of these clusters 
(clusters 1 to 3) correspond to clusters of built area surface cover, and three of these 
clusters (clusters 4 to 6) correspond to non-built areas surface cover clusters (Figure 
6.13). Cluster 1 corresponds to specific urban areas with the poorest surface thermal 
behaviour, mainly present in small specific areas of the city centres or of industrial 
areas. They have very low albedo (0.11), high imperviousness (39%), and low NDVI 
(0.17) ). Cluster 2 presents a similar average NDVI value (0.19), slightly higher 
imperviousness (0.42) and considerably higher albedo (0.2) than cluster 1. The main 
difference between cluster 1 and cluster 2 is the albedo. The majority of the city centre 
surfaces belong to cluster 2. Cluster 3 seems to correspond to urban residential areas 
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(row houses) with interspersed green areas, presenting a slightly higher albedo (0.24), 
higher NDVI (0.28) and lower imperviousness (0.31). Cluster 4 can be identified 
with low density residential areas (detached houses) areas of urban parks with trees 
with higher NDVI, lower albedo (due to the presence of greenery) and slightly higher 
imperviousness. Cluster 5 corresponds to urban trees and water areas with the highest 
NDVI (0.55), the lowest imperviousness 22% and a relatively low albedo (0.21 due 
to the presence of vegetation) and cluster 6 corresponds to bare soil areas with the 
highest albedo (0.31), considerably low NDVI (0.20) and small imperviousness 26% 
(Figure 6.9).
FIGURE 6.9 Average albedo, NDVI, imperviousness and night LST values for each of the 6 clusters resulting 
from the unsupervised classification of the albedo, NDVI and imperviousness maps of the analysed medium-
size cities of North Brabant.
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FIGURE 6.10 Scatterplots of night LST and albedo, for each of the different surface cover clusters.
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FIGURE 6.11 Scatterplots of night LST and NDVI, for each of the different surface cover clusters.
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FIGURE 6.12 Scatterplots of night LST and imperviousness, for each of the different surface cover clusters.
The analysis of Eindhoven metropolitan area reveals that the city centre is mostly 
covered with cluster 2 surfaces, and that in turn, cluster 4 has more presence in areas 
outside the city centre. Cluster 1 is only present in very specific, heat absorbing surface 
areas, whereas cluster 6 is hardly present in the city area (this is why it was not included 
in the analysed figure) (Figure 6.13 and Figure 6.14).
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FIGURE 6.13 Spatial distribution of surface cover clusters in Eindhoven metropolitan area.
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classes 3, and 5 (pre-war neighbourhood and post-war ground based) present similar surface 




similar cluster 2 and 4 presence, and where the proportion of urban surface cover clusters 
(1,2 and 3) is around 50%. The 12 category “urban living environment” classification 
applied in North Brabant, could actually be reduced to a 7 surface cover classification.
FIGURE 6.14 Compilation of LST-related maps for Eindhoven metropolitan area: Albedo, NDVI, 
imperviousness, surface cover clustering and “urban living environment” categories.
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FIGURE 6.15 Surface cover cluster proportions for each of the “urban living environment” categories in the 
analysed medium-size cities of the North Brabant region. Neighbourhoods 3 and 5 present similar cluster 
proportions, and thus could be grouped. Neighbourhoods 4, 6, 7, 8 and 9 present similar cluster proportions, 
and thus could be grouped.
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 – Analysis of average night LST of the different “urban living environment” 
categories.
The analysis of the average night-time LST retrieved by Modis 11A1 in 16 satellite 
images during the heat wave experienced in the month of July 2006 (Figure 6.16) 
reveals that 12 “urban living environment” categories could actually be grouped in 7, 
since categories 3, 4 and 5 (pre-war neighbourhood, post-war compact and post-war 
ground based) could be grouped into one single category since they present similar 
average LST (around 21°C) and categories 6,7, 8 and 9 could be grouped into another 
category because they present similar average LST (around 20.3°C).
FIGURE 6.16 Average night LST for each of the “urban living categories”. Neighbourhoods 3, 4 and 5 present 
similar night LST, and thus could be grouped. Neighbourhoods 6, 7, 8 and 9 present similar night LST , and thus 
could be grouped.
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 – Proposed “urban living thermal categories” for the region of North Brabant
The surface cluster analysis of the different “urban living environment categories” 
suggests that these can be grouped into 7 categories. 1/ High density city centre 2/ 
City centre 3/ pre-war neighbourhood & post-war soil bound 4/ post-war compact & 
urban green & small urban centre & small urban & small urban green 5/Village centre 
6/Village 7/Rural accessible. The average night-time land surface temperature analysis 
of the “urban living environment categories” suggests the same groups except for the 
post-war compact neighbourhood’s category which has a night LST similar to pre-war 
and post war soil bound. The main reason is that post-war compact neighbourhoods 
is a category that consists of scattered high rise dwelling blocks, interleaved with green 
areas and large infrastructural roads. The proportion of green areas that can be found in 
these neighbourhoods is similar that the ones of small urban areas, however the overall 
night LST is higher in these post-war areas.










that are designated by the province North-Brabant. The growth areas are based on the 
“ladder for sustainable urbanisation” developed by the Dutch Ministry of Infrastructure 
and Environment. The aspect of urban heat islands is not included in this methodology. 
The authors propose to include considerations about albedo, greenness (NDVI) and 
imperviousness, in the design of these future developments.









living environment” categories used in the region of North Brabant (high-density 
city centre, city centre, pre-war neighbourhood, post-war compact neighbourhood, 
post-war soil-bound neighbourhood, urban green, small urban centre, small urban, 
small urban green, village centre, village, rural accessible) can actually be reduced to 
7 categories, since classes 3, 4 and 5 (pre-war neighbourhood, post-war compact and 





the most common urban typologies that can be found in the province of North Brabant 
and to guide the urban design of the planned future urban developments. All of these 
conclusions could be integrated in a climate-robust growth areas policy.
§  6.5 Discussion
The purpose of using the surface cover cluster analysis for the thermal assessment of 
the different “urban living environment” assessment (instead of calculating directly 




assessing on the intensity of the problem (night LST temperature).




medium-size cities. The same urban structures can considerably improve their thermal 
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guidelines concerning the urban structure for the design of future urban developments.
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